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With regard to the focusing properties of the objective lens, the beams of 
charged particles can basically be treated as independent particle beams 
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cally provides the same resolution as the beam of a conventional charged 
particle beam device. 
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FIELD OF THE INVENTION 

The invention relates to an apparatus for the examination of specimen 
with charged particles. In particular, this invention relates to an apparatus for 
the examination of specimen with multiple beams of charged particles. 



BACKGROUND OF THE INVENTION 



Modem semiconductor technology is highly dependent on an accurate 
20 control of the various processes used during the production of integrated cir- 
cuits. Accordingly, the wafers have to be inspected repeatedly in order to lo- 
calize problems as early as possible. Furthermore, a mask or reticle should 
also be inspected before its actual use during wafer processing in order to make 
sure that the mask accurately defines the desired pattern. This is done because 
25 any defects in the mask pattern will be transferred to the substrate (e.g., wafer) 
during its use in microlithography. However, the inspection of wafers or 
masks for defects requires the examination of the whole wafer or mask area. 
Especially, the inspection of wafers during their fabrication requires the ex- 
amination of the whole wafer area in such a short time that production 
30 throughput is not limited by the inspection process. 

Scanning electron microscopes (SEM) have been used to inspect wafers 
to detect pattern defects. Thereby, the surface of the wafer is scanned using a 
single finely drawn electron beam. When the electron beam hits the wafer, 
35 secondary electrons are generated and measured. A pattern defect at a location 
on the wafer is detected by comparing an intensity signal of the secondary 
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electrons to, for example, a reference signal corresponding to the same location 
on the pattern. However, because only one very narrow electron beam is used 
for scanning, a long time is required to scan the entire surface of the wafer. 
Accordingly, it is not feasible to use a conventional (single-beam) Scanning 
5 Electron Microscope (SEM) for wafer inspection, since this approach does not 
provide the required throughput. Therefore, high speed wafer inspection is 
presently carried out by means of light optical techniques. 

In order to perform this task using electron microscopic techniques sev- 
10 eral approaches have been suggested. One approach is based on the miniaturi- 
zation of SEMs, so that several miniaturized SEMs (in the order of ten to one 
hundred) are arranged in an array and each miniaturized SEM examines a small 
portion of the complete sample surface. Another approach makes use of fixed- 
beam surface electron microscopes which image a certain area of the sample 
15 simultaneously. These surface microscopes can be classified by the excitation 
process of the electrons that form the image at the detector: a) The Photoemis- 
sion Electron Microscope (PEEM), where the electrons are created by illumi- 
nation of the sample surface with UV light, synchrotron radiation, or X-rays 
and b) the so-called Low-energy Electron Microscope (LEEM), where, in vari- 
20 ous modes of operation, the sample surface is illuminated with electrons. In 
this case, the illuminating electrons have to be separated from the imaging 
electrons by means of an additional electron optical element, for example, a 
beam separator in the form of a dipole magnet. However, both approaches 
have not yet been put into industrial practice. 

25 

Multi-beam electron projection systems are used to create patterns of 
variable shape on a substrate by switching on and off individual beams as is 
described in document EP 0 508 151. The following remarks are particularly 
relevant: First, as a projection system, it inherently does not produce an image 
30 of a sample and, therefore, does not comprise an objective lens. Secondly, in 
the example to which we referred to above, a resulting electron beam, formed 
by the individual beams that are not blanked out, is scanned as a whole over the 
substrate. 
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Furthermore, SEMs using multiple charged particle beams have been 
suggested in order to increase the throughput of data collection process. For 
example, US Patent 5,892,224 describes an apparatus for inspecting masks and 
wafers used in microlithography. The apparatus according to US Patent 
5 5,892,224 is adapted to irradiate multiple charged particle beams simultane- 
ously on respective measurement points on the surface of a sample. However, 
the apparatus according to US Patent 5,892,224 is primarily designed for the 
inspection of masks and does not provide the resolution which is required to 
inspect the intricate features present on a semiconductor wafer. 

10 

In charged particle beam devices, such as a scanning electron microscope 
(SEM), the charged particle beam exhibits a typical aperture angle as well as a 
typical angle of incidence in the order of several millirads. However, for many 
applications, it is desirable that the charged particle beam hits the sample sur- 
15 face under a much larger angle of typically 5° to 10°, corresponding to 90 to 
180 millirads. Stereoscopic visualization is an example of such an application. 
Some applications even require tilt angles in excess of 15° or even 20°. In 
many cases, the additional information which is contained in stereo images is 
extremely valuable in order to control the quality of a production process. 

20 

Thereby, a number of tilting mechanism can be used. In early solutions, 
an oblique angle of incidence was achieved by mechanically tilting the speci- 
men. However, apart from other drawbacks, mechanically tilting the specimen 
takes a lot of time. An oblique angle of incidence may also be achieved by 

25 electrically tilting the charged particle beam. This can be done by deflecting 
the beam so that either by the deflection alone or in combination with the fo- 
cussing of the beam, an oblique angle of incidence results. Thereby, the 
specimen can remain horizontal which is a significant advantage as far as the 
lateral coordinate registration is concerned. Furthermore, electrical tilting is 

30 also much faster than its mechanical counterpart. However, even though elec- 
trical tilting is in principal faster than its mechanical counterpart, additional 
alignment procedures are usually required when the beam is shifted electrically 
from angle of incidence to another angle of incidence. These additional align- 
ment also require a considerable amount time. Therefore, stereoscopic visuali- 

35 zation is not routinely done in the semiconductor industry. 
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Accordingly, there is a need for a charged particle beam device which 
provides a sufficient resolution and which is able to increase the data collection 
to such an extent that the device can also be applied to high speed wafer in- 
5 spection. Furthermore, there is a need for a charged particle beam device 
which is able to reduce the time that is needed to produce a pair of stereo im- 
ages. 



10 SUMMARY OF THE INVENTION 

The present invention provides an improved column for a charged parti- 
cle beam device. According to one aspect of the present invention, there is 

15 provided a column for a charged particle beam device as specified in independ- 
ent claim 1 . According to a further aspect of the present invention there is pro- 
vided a column for a charged particle beam device as specified in independent 
claim 9. Further advantageous features, aspects and details of the invention are 
evident from the dependent claims, the description and the accompanying 

20 drawings. The claims are intended to be understood as a first non-limiting ap- 
proach of defining the invention in general terms. 

The present invention provides an improved column for a charged parti- 
cle beam device. The column comprises an aperture plate having multiple ap- 

25 ertures to produce multiple beams of charged particles and a deflector to influ- 
ence the beams of charged particles so that each beam appears to come from a 
different source. Furthermore, an objective lens is used in order to focus the 
charged-particle beams onto the specimen. Due to the deflector, multiple im- 
ages of the source are created on the surface of the specimen whereby all the 

30 images can be used for parallel data acquisition and/or for parallel modification 
of the specimen. Accordingly, the speed of data acquisition (modification) is 
increased. With regard to the focusing properties of the objective lens, the 
beams of charged particles can basically be treated as independent particle 
beams which do not negatively affect each other. Accordingly, each beam ba- 

35 sically provides the same resolution as the beam a conventional charged parti- 
cle beam device. 



WO 01/84592 



5 



PCT/EP01/04787 



According to a further aspect of the present invention, an improved col- 
umn for a charged particle beam device is provided which is capable of pro- 
ducing a stereoscopic image of the surface of specimen in a single scan over 
5 the surface of specimen. The column comprises an aperture plate having mul- 
tiple apertures to produce multiple beams of charged particles and a deflector 
to influence the beams of charged particles so that each beam appears to come 
from a different source and that each beam passes through the objective lens 
along an off-axis path. Due to the off-axis path through the objective lens, the 

10 charged particle beams are tilted and hit the specimen under oblique angle of 
incidences. Furthermore, each beam is tilted into a different direction so that 
the images of two of the beams are sufficient to produce a stereoscopic image 
of the surface of specimen. Since there no need for any additional alignments 
of beams with regard to the column, the time that is required to produce a 

15 stereoscopic image is reduced considerably. 



Some of the above indicated and other more detailed aspects of the in- 
vention will be described in the following description and partially illustrated 
with reference to the figures. Therein: 



BRIEF DESCRIPTION OF THE DRAWINGS 



20 



25 Fig. I 



shows schematically a column according to a first embodiment 
according to the present invention, 



Fig. 2 



is an enlarged view showing the objective lens of the embodi- 
ment of Fig. 1. 



30 



Fig. 3 



is an enlarged view of Fig. 2. 



Fig. 4 



shows schematically the aperture plate as used in the column 
shown in Fig. I, 
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shows schematically a top view on the cylinder lens as used in 
the column shown in Fig. 1, 

shows schematically a bottom view on the detector as used in 
the column shown in Fig. 1 , 

shows schematically an column according to a second embodi- 
ment according to the present invention 

shows schematically the aperture plate as used in the column 
shown in Fig. 7, 

shows schematically a bottom view on the detector used in the 
column shown in Fig. 7, 

shows schematically a column according to a third embodiment 
according to the present invention, 

shows schematically the aperture plate as used in the column 
shown in Fig. 10, 

shows schematically a top view on the deflectors as used in the 
column shown in Fig. 10, 

shows schematically a bottom view on the detector as used in 
the column shown in Fig. 10, 

shows schematically a column according to a fourth embodi- 
ment according to the present invention, 

is an enlarged view showing the objective lens of the embodi- 
ment of Fig. 14, 

shows schematically a column according to a fifth embodiment 
according to the present invention, 
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Fig. 17 shows schematically a top view on the compensation unit as 

used in the column shown in Fig. 1 6, 

5 Fig. 18 shows schematically a column according to a further embodi- 

ment according to the present invention, 

Fig. 19,20 show schematically a top view and a side view on the compen- 
sation unit as used in the column shown in Fig. 18, 



10 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



15 An embodiment according to the invention is shown schematically in 

Fig. 1. The column 1 for a charged particle beam device comprises a charged 
particle source 2 which emits a beam 4 of charged particles. In electron beam 
devices, electron sources such as Tungsten-Hairpin guns, Lanthanum- 
Hexaboride Guns, Field emission guns etc. can be used. The invention, how- 

20 ever, is not limited to electron sources; it can be used together with all kinds of 
charged particle sources. The charged particles are accelerated by an acceler- 
ating voltage supplied to the charged particle source 2. 

After leaving the charged particle source 2, the charged particle beam 4 
25 passes through an aperture plate 5 having multiple apertures 5A - 5H which 
are situated along a ring on the aperture plate 5. By passing through the aper- 
ture plate 5, multiple charged particle beams 4A - 4H are created. Thereafter, 
a deflector 6 is used to influence the beams of charged particles 4A - 4H so 
that each beam 4A - 4H appears to come from a different source. In the pres- 
30 ent embodiment the deflector 6 has the form of a cylinder lens comprising two 
cylinder electrodes 6A and 6B which are set to appropriate potentials. For ex- 
ample, the potential difference between the inner cylinder electrode 6A and the 
outer cylinder electrode 6B is set to +300 Volts so that the beams of charged 
particles 4A - 4H are attracted towards the inner cylinder electrode 6A. 
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The charged particle beams 4A - 4H then pass the detector 9 which is 
used to detect those particles that come from the specimen 8 in order to pro- 
duce multiple images of the specimen 8. The detector 9 is divided in multiple 
segments 9A - 9H corresponding to the multiple beams of charged particles 4A 
5 - 4H. Thereby, each segment 9A - 9H of the detector is capable of detecting 
particles that come from the specimen 8 independent of all the other segments 
of the detector 9. Furthermore, the detector 9 comprises multiple openings to 
let the beams of charged particles 4A - 4H pass through. 

10 The detector 9 is followed by the scanning coils 12 which are used to 

move the charged particle beams 4A - 4H in a raster over the surface of the 
specimen 8. After the scanning coils 12, the charged particle beams 4 A - 4H 
enter the objective lens 10 that focuses the charged particle beams 4A - 4H 
onto the specimen 8. The objective lens 10 not only focuses the charged parti - 

15 cle beams 4 A - 4H but also rotates the charged particle beams 4A - 4H. How- 
ever, this effect is not shown because it is difficult to depict in a two- 
dimensional drawing and because the skilled person is well aware of this addi- 
tional effect. Due to the combined effects of the deflector 6 and the objective 
lens 10, multiple spots (images of the particle source 2), each corresponding to 

20 one of the charged particle beams 4 A - 4H, are created on the specimen 8. 
Without the deflector 6, the objective lens 10 would focus the charged particle 
beams 4 A - 4H into a single spot on the specimen 8. 

When the particles of beams 4A - 4H strike the surface of the specimen 
25 8, they undergo a series of complex interactions with the nuclei and electrons 
of the atoms of the specimen. The interactions produce a variety of secondary 
products, such as electrons of different energy, X rays, heat, and light. Many 
of these secondary products are used to produce the images of the sample and 
to collect additional data from it. A secondary product of major importance to 
30 examination or the image formation of specimens are secondary electrons that 
escape from the specimen 8 at a variety of angles with relatively low energy (3 
to 50 eV). The secondary electrons are drawn through the objective lens 10, 
reach the detector 9, and are then measured. Thereby, the parameters of the 
objective lens 10 are chosen in such a manner that the secondary electrons 
35 and/or backscattered particles that come from specimen are focused onto the 
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detector 9. Accordingly, each spot on the specimen leads to a corresponding 
spot on the detector. Thereby, the segments 9A - 9H of the detector 9 are se- 
lected so that each spot basically hits the corresponding segment 9A - 9H in its 
center. 

5 

By scanning the charged particle beams 4A - 4H over the specimen and 
displaying/recording the output of the detector 9, multiple independent images 
of the surface of the specimen 8 are formed. Each image contains information 
about a different portion of the surface of the specimen. Accordingly, the 
10 speed of the data acquisition is increased by a factor 8 with regard to the con- 
ventional single beam case. The specimen 8 is supported on a stage 7 (speci- 
men support) which is moveable horizontally in all directions, in order to allow 
the charged particle beams 4A - 4H to reach the target areas on the specimen 
which are to be examined. 

15 

In order to improve the performance of the system, the embodiment 
shown in Fig. 1 contains an objective lens 10 which is a combination of a mag- 
netic lens 10A and an electrostatic lens 10B. Accordingly, the objective lens 
10 is a compound magnetic-electrostatic lens. Preferably, the electrostatic part 

20 of the compound magnetic-electrostatic lens 10 is an electrostatic retarding lens 
10B. Using such a compound magnetic-electrostatic lens 10 yields superior 
resolution at low acceleration energies, such as a few hundred electron volts in 
the case of a SEM. Such low acceleration energies are desirable, especially in 
modern semiconductor industry, to avoid charging and/or damaging of radia- 

25 tion sensitive specimens. However, the benefits of the present invention are 
also achieved if only a magnetic lens or only an electrostatic lens is used. 

Figures 2 and 3 show enlarged views on the compound magnetic- 
electrostatic lens 10 and the specimen 8 as shown in Fig. L To achieve a small 

30 focal length, the magnetic flux generated by a current through an excitation 
coil is conducted through pole pieces and is concentrated into a small region 
along the optical axis of the magnetic lens. The magnetic field is rotationally 
symmetric around the optical axis and reaches its maximum value in the pole 
gap between the upper and the lower pole piece. In addition to the magnetic 

35 lens 10A, the embodiment shown in Figs. 1 to 3 contains an electrostatic re- 
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tarding lens which is situated close to magnetic lens 10A. The electrostatic 
retarding lens 10B has two electrodes held at different potentials. In the illus- 
trated embodiment, one of the two electrodes is formed by a cylindrical beam 
tube 14 which is arranged within the magnetic lens 10A along the optical axis. 
5 The second electrode of the electrostatic retarding lens 1 OB is a metallic cup 
provided below the magnetic lens 10A. In operation of the system, the first 
electrode is usually held at high positive potential, for example 8 kV, where as 
the second electrode is held at lower positive potential, for example 3 kV, so 
that the electrons are decelerated in the corresponding electrostatic field from a 
10 first energy to a lower second energy. 

In the example shown in Figs 2 and 3, the specimen 8 is held at ground 
potential. Accordingly, there is a further electrostatic retarding field between 
the metallic cup and the specimen 8. However, the surface of the specimen 

15 need not be grounded. The electric potential on the surface of the specimen 
may also be adjusted by applying a voltage to the specimen. A voltage can be 
applied to a wafer, for example, in order to obtain voltage contrast imaging 
which is used to detect shorts in a circuit. As long as the potential of the me- 
tallic cup is higher than the potential on the surface of the specimen, an electro- 

20 static retarding field is produced. Furthermore, as long as the potential of the 
metallic cup is higher than the potential on the surface of the specimen, the 
secondary electrons (backscattered particles) are drawn into the objective lens 
10 and reach the detector 9. 

25 Fig. 4 shows schematically a top view on the aperture plate 5 as used in 

the column shown in Fig. 1 . The aperture plate 5 comprises eight apertures 5 A 
- 5H which are situated along a ring parallel to the edge of the aperture plate 5. 
The aperture plate 5 is made of conducting material in order to avoid any 
charging effects. The size of the apertures 5A - 5H is selected so that a prede- 

30 termined current can be provided. 

Fig. 5 shows schematically a top view on the deflector 6 as used in the 
column shown in Fig. 1 . The deflector 6 has the form of a cylinder lens com- 
prising two cylinder electrodes 6A and 6B which are set to appropriate poten- 
35 tials. In order to attract the charged particle beams 4A - 4H towards the inner 
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cylinder electrode 6 A, a potential difference between the inner cylinder elec- 
trode 6A and the outer cylinder electrode 6B is provided. The appropriate po- 
tential difference between the inner cylinder electrode 6A and the outer cylin- 
der electrode 6B depends on a number of different parameters, for example the 
5 energy of the charged particles inside the deflector 6 or the desired distance 
between two adjacent beams on the surface of the specimen. Usually, the po- 
tential difference lies in the range of 100 to 500 Volts. 

Fig. 6 shows schematically a bottom view on the detector 9 as used in the 
10 column shown in Fig. 1. The detector 9 is divided in multiple segments 9A - 
9H each having the form of a piece of cake and each corresponding to one of 
charged particle beams 4A - 4H. Thereby, each segment 9A - 9H of the de- 
tector is capable of detecting particles that come from the specimen 8 inde- 
pendent of all the other segments of the detector 9. Furthermore, detector 9 
15 comprises multiple openings 1 1A - 1 1H to let the beams of charged particles 
4A — 4H pass through. The detector 9 is orientated in such a manner so that 
each spot on the specimen is focused to the center of the corresponding seg- 
ment 9 A - 9H. 

20 Fig. 7 shows schematically a column according to a second embodiment 

of the present invention. This embodiment is similar to that of Figure 1, except 
for the following; The column comprises a beam selector 16 located right after 
the particle source 2. The beam selector 16 comprises a first deflector 16A, 
aperture plate 16B, a second deflector 16C, and a third deflector 16D. The 

25 aperture plate 16B comprises two apertures having two different diameters. 
After the beam of charged particles leaves the particle source 2, the first de- 
flector 16A deflects the charged particle beam 4 towards one the two aperture 
in the aperture plate l&B. Thereafter, the second and the third deflector bring 
the charged particle beam 4 back to its way along the optical axis of the col- 

30 umn. 

The aperture plate 15 used in Fig. 7 comprises, in addition to the aper- 
tures 15A - 15H situated along a ring parallel to the edge of the aperture plate, 
a further aperture 151 situated in the center of the aperture plate (see Fig. 8). 
35 Accordingly, a further beam of charged particles 41 is produced along the opti- 
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cal axis of the column. The detector 19 also contains an additional opening 1 1 1 
in order to let the beam 41 of charged particles pass through the detector 19 
(see Fig. 9). 

5 If the charged particle beam is directed to the smaller aperture in the ap- 

erture plate 16B, the resulting beam 4 will be so small that the apertures 15A - 
15H situated along the ring parallel to the edge of the aperture plate are not 
illuminated by charged particle beam 4. Accordingly, only charged particle 
beam 41 is formed. In the following, the charged particle beam 41 passes 
10 through the center of the inner electrode 6 A without being affected by the field 
of the cylinder lens 6. Furthermore, the charged particle beam 41 passes 
through the detector 19 and is focused onto the specimen. Since there are no 
further charged particle beams, the column basically functions as a conven- 
tional single beam device. 

15 

If the charged particle beam is directed to the larger aperture in the aper- 
ture plate 16B, the resulting beam 4 will be large enough so that the apertures 
15A - 15H situated along the ring parallel to the edge of the aperture plate are 
illuminated by charged particle beam 4. Accordingly, all charged particle 

20 beams 4A - 41 are formed. In this mode, the column shown in Fig. 7 basically 
operates as the column shown in Fig. 1 . Since, in this mode, the parameters of 
the objective lens 10 are chosen in such a manner that the secondary electrons 
and/or backscattered particles that come from specimen are focused onto the 
detector 19, the secondary electrons corresponding to the center beam 41 are 

25 focused on the center of the detector 1 9. Accordingly, these electrons are not 
measured by the detector 19. 

Due to the usage of the beam selector 16, the operator may switch easily 
between two modes of operation. Accordingly, the device shown in Fig. 7 can 
30 be adapted in a fast and efficient manner to the specific measurement needs. 

Fig. 10 shows schematically a column according to a third embodiment 
of the present invention. This embodiment is also similar to that of Figure 1, 
except for the following; After leaving the charged particle source 2, the 
35 charged particle beam 4 passes through the aperture plate 25 having four aper- 
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tures 25 A - 25 D which are situated at equal distance along a ring on the aper- 
ture plate 25. By passing through the aperture plate 25, four charged particle 
beams 4A - 4D are created. Thereafter, the deflectors 26A - 26D are used to 
influence the beams of charged particles 4A - 4D so that each beam 4A - 4D 
5 appears to come from a different source. The deflectors 26A - 26D influence 
each of the beams 4A - 4D individually which leads to a better control of the 
properties of each individual beam 

The charged particle beams 4A - 4D then pass the detector 29 which is 
10 used to detect those particles that come from the specimen 8 in order to pro- 
duce multiple images of the specimen 8. The detector 29 is divided in multiple 
segments 29A - 29D corresponding to the multiple beams of charged particles 
4A - 4D (see Fig. 13). Thereby, each segment 29A - 29D of the detector is 
capable of detecting particles that come from the specimen 8 independent of all 
15 the other segments of the detector 29. Furthermore, detector 29 comprises 
multiple openings to let the beams of charged particles 4A - 4D pass through. 

Fig. 12 shows schematically a top view on the deflectors 26 A - 26D as 
used in the column shown in Fig. 10. Thereby, each deflector 26 A - 26D 
20 comprises eight electrodes. Each deflector 26A - 26D generates static de- 
flecting fields for correction of the beam paths through the objective lens and 
for positioning the beams at the specimen. Furthermore, the deflectors 26A - 
26D can be used for compensation of the aberrations arising from a deviation 
of the objective lens from the axial symmetry. 

25 

Fig. 14 shows schematically a column according to a third embodiment 
of the present invention. This embodiment is also similar to that of Figure 1, 
except for the following; After leaving the charged particle source 2 the 
charged particle beam 4 passes through the aperture plate 25 having four aper- 

30 tures 25A - 25D which are situated at equal distance along a ring on the aper- 
ture plate 25. By passing through the aperture plate 25, four charged particle 
beams 4A - 4D are created. Thereafter, the deflector 6 is used to influence the 
beams of charged particles 4A - 4D so that each beam 4A - 4D appears to 
come from a different source. Furthermore, the deflector 6 is used to influence 

35 the beams of charged particles 4A - 4D so that each beam 4A - 4D traverses 
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the objective lens 10 along an off-axis path. Due to the off-axis path of the 
charged particle beams 4A - 4D, the beams are tilted and hit the specimen un- 
der oblique angles of incidence. 

5 Fig. 1 5 shows an enlarged view on the compound magnetic-electrostatic 

lens 10 and the specimen 8 as shown in Fig. 14. Thereby, the beam 4A hits the 
specimen 8 under an oblique angle of incidence -0, as measured with regard to 
an axis normal to the surface of the specimen. Furthermore, the beam 4C hits 
the specimen 8 under an oblique angle of incidence +0. The electron beams 

10 4 A and 4C do not hit the specimen at the same spot but are displaced from each 
other by a distance D. By scanning the two beams 4A and 4C over the surface 
of the specimen the images from the two beams 4A and 4C are recorded. Based 
on the fact that beams hit the specimen under different angles of incidence, the 
images of the two beams are sufficient to produce a stereoscopic image of the 

1 5 surface of specimen. 

As outlined with regard to Fig. 1, the electrostatic retarding lens 10B has 
two electrodes held at different potentials. In the illustrated embodiment, one 
of the two electrodes is formed by a cylindrical beam tube 14 which is arranged 

20 within the magnetic lens 10A along the optical axis. The second electrode of 
the electrostatic retarding lens 1 0B is a metallic cup provided below the mag- 
netic lens 10A. In operation of the system, the first electrode is usually held at 
high positive potential, for example 8 kV, where as the second electrode is held 
at lower positive potential, for example 3 kV, so that the electrons are deceler- 

25 ated in the corresponding electrostatic field from a first energy to a lower sec- 
ond energy. 

In the example shown in Fig. 15, the specimen 8 is held at ground poten- 
tial. Accordingly, there is a further electrostatic retarding field between the 

30 metallic cup and the specimen 8. Due to the electrostatic retarding field be- 
tween the metallic cup and the specimen 8, the initial tilt of the charged particle 
beams 4A - 4D caused by the off-axis path of the charged particle beams 4A - 
4D is enhanced leading to increased angles of incidence. The surface of the 
specimen need not be grounded. The electric potential on the surface of the 

35 specimen may also be adjusted by applying a voltage to the specimen. A volt- 
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age can be applied to a wafer, for example, in order to obtain voltage contrast 
imaging which is used to detect shorts in a circuit. As long as the potential of 
the metallic cup is higher than the potential on the surface of the specimen 8, 
an electrostatic retarding field is produced. 

5 

By scanning the four beams 4A - 4D over the surface of the specimen, 
stereoscopic images of the surface can be made in a single scan. Accordingly, 
stereoscopic images of a specimen can be produced in a fast and reliable man- 
ner without the need for any additional alignments. Therefore, the additional 
10 information, which is contained in stereo images and which is extremely help- 
ful in many cases, can be accessed without causing any additional costs and 
without causing any additional time delays. 

The embodiment shown in Fig. 14 uses the off-axis path of the beams 
15 through the objective lens 10 in order to tilt the beams 4 A - 4D. However, the 
off-axis path of the beams through the objective lens 1 0 gives rise to chromatic 
aberrations. The charged particles, usually electron, in the beams are not 
monochromatic, but are emitted with slightly different energies. For example, 
in a thermionic electron gun, the energy spread (i.e., the full width at half 
20 maximum of the electron energy distribution) is on the order of AE = 2.5 AT C , 
where T c is the temperature of the cathode tip and k is Boltzmann's constant. 
This energy spread is further increased by the Boersch effect arising from 
space-charge oscillations near a crossover, so that thermionic tungsten cathodes 
show an energy spread of AE =1-3 eV, while for LaB 6 cathodes the value is 
25 AE = 0.5-2 eV. Field emission guns usually have a lower energy spread due to 
the smaller cathode temperatures of the order ofAE = 0.2 - 0.4 eV (L. Reimer, 
Scanning Electron Microscopy, Springer, 1985). 

In order to decrease the chromatic aberrations, Fig. 1 6 shows a schematic 
30 diagram of an apparatus according to a further embodiment of the present in- 
vention. This embodiment is similar to that of Fig. 10, except for the follow- 
ing. The deflector 6 has been replaced by an integrated unit 1 7 comprising a 
deflector 17A and a coil arrangement 17B (see Fig. 17). The deflector 17A and 
the coil arrangement 17B generate crossed electrostatic and magnetic deflec- 
35 tion fields which disperse the beams 4A - 4D of charged particles. By dispers- 
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ing the beams of charged particles a second chromatic aberration of substan- 
tially the same kind and magnitude but opposite direction as the chromatic ab- 
erration caused off-axis path of the beams through the objective lens can be 
produced. Accordingly, the chromatic aberration caused by the off-axis path 
5 can be compensated in the plane of the specimen surface. 

Fig. 17 shows schematically a top view on the unit 17 as used in the col- 
umn shown in Fig. 16. The unit 17 comprises a deflector 17A having the form 
of a cylinder lens. The cylinder deflector 17A comprises two cylinder elec- 

10 trodes which are set to appropriate potentials. In order to attract the charged 
particle beams 4A - 4D towards the inner cylinder electrode, a potential differ- 
ence between the inner cylinder electrode and the outer cylinder electrode is 
provided. Thereby, the potential difference between the inner cylinder elec- 
trode and the outer cylinder electrode is chosen in such a manner that the beam 

15 pass through the objective lens along an off-axis path and hits the specimen 
under oblique angles of incidence. The appropriate potential difference be- 
tween the inner cylinder electrode 6A and the outer cylinder electrode 6B de- 
pends on a number different parameters; for example, the energy of the 
charged particles inside the deflector 6, the desired distance between two adja- 

20 cent beams on the surface of the specimen, and the angles of incidence on the 
surface of the specimen. Usually, the potential difference lies in the range of 
100 to 500 Volts. 

In addition to the cylinder deflector 17 A, the unit 17 comprises a coil ar- 
25 rangement 17B which is used to generate a magnetic field within cylinder de- 
flector 17 A. Thereby, the magnetic field is essentially perpendicular to the 
electric filed generated by the inner cylinder electrode and the outer cylinder 
electrode. The integrated unit 17 acts like a Wien filter, in which the electric 
field E and the magnetic field B generate an electric and a magnetic force on 
30 the charged particles, F c i = qE, and F mag = q(vx B), wherein q= -e is the elec- 
tron charge. If the electric and magnetic field are perpendicular to each other 
and to the velocity of the charged particle, the electric and magnetic forces are 
in opposite directions. For particles with a certain velocity, v = |E|/|B|, the net 
force is zero, and they pass the filter unaffected. Particles with a different 
35 speed experience a net force F = |F e i - F mag | and are deflected by the unit 17. 
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In effect, the beams of charged particles with a finite energy spread passing the 
unit 17 are dispersed, as particles with different energies are deflected by dif- 
ferent amounts. 

5 The dispersion leads to an at least partial compensation of the chromatic 

aberration caused by the off-axis pass through the objective lens. The embodi- 
ment shown in Fig. 16 has thus the advantage that large angles of incidence on 
the sample surface can be provided without reduction in resolution arising from 
large chromatic aberrations. 

10 

Fig. 18 shows schematically a column according to a still further em- 
bodiment according to the present invention. This embodiment is similar to 
that of Figure 16, except for the following; After passing through the aperture 
plate 25 four charged particle beams 4A - 4D enter the compensation units 

15 36A - 36D. The compensation units 36A - 36D are again used to influence the 
beams of charged particles 4A - 4D so that each beam 4A - 4D appears to 
come from a different source. Furthermore, the compensation units 36A - 36D 
are used to influence the beams of charged particles 4A - 4D so that each beam 
4A - 4D traverses the objective lens 10 along an off-axis path. The compensa- 

20 tion units 36 A - 36D influence each of the beams 4 A - 4D individually which 
leads to a better control of the properties of each individual beam 

Figs. 19 and 20 show the compensation unit 36A used in Fig. 18. The 
compensation unit 36A forms a Wien filter having an electrostatic and mag- 

25 netic quadrupole (4-pole). The quadrupole comprises four pole pieces 42 and 
four electrodes 44. The electrodes and pole pieces are arranged in a plane per- 
pendicular to the path of the charged particles. As best shown in Fig. 19, the 
electrodes and the pole pieces are each placed along the circumference of a 
circle, spaced by an angle of 7i/2. Since the pole pieces and the corresponding 

30 electrodes have the same length (Fig. 20) and almost the same radius (Fig. 19), 
the resulting electric and magnetic field distributions are very similar leading to 
a good compensation of the electric and magnetic forces for the electrons with 
predetermined energy in any point along the optical axis of the Wien filter. 
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Using such a quadrupole arrangement, magnetic and electrostatic fields can 
be adjusted to deflect in an arbitrary direction in the plane perpendicular to the 
optical axis. Thereby, a compensation can be achieved for any direction of the 
deflecting action. 
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CLAIMS 

5 

1. A column for a charged particle beam device, which is used to examine 
and/or modify a specimen, said column comprising: 

a) a source of charged-particles, 

10 

b) an aperture plate having at least two apertures to produce at least two 
beams of charged particles, 

c) at least one deflector to influence the beams of charged particles so that 
15 each beam appears to come from a different source, 

d) at least one detector for measuring secondary particles and/or back- 
scattered particles coming from the specimen, and 

20 e) an objective lens for focusing the charged-particle beams onto the 

specimen. 



2. The column according to claim 1, wherein said deflector comprises con- 
25 centric cylinder electrodes. 



3. The column according to claim 1, wherein a deflector is provided for each 
individual beam. 

30 

4. The column according to claim 3, wherein the deflectors are electrostatic 
multipoles, preferably selected from the group consisting of electrostatic 
dipole, quadrupole, hexapole and octupole. 

35 
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5. The column according to any of preceding claims, wherein the detector is 
positioned before the objective lens and comprises multiple openings to let 
the beams of charged particles pass through. 

5 

6. The column according to any of preceding claims, wherein the detector is 
subdivided into multiple segments corresponding to the multiple beams of 
charged particles. 

10 

7. The column according to any of preceding claims, wherein the objective 
lens is adapted to focus the secondary particles and/or backscattered parti- 
cles onto the detector. 

15 

8. The column according to any of preceding claims, wherein said objective 
lens comprises a magnetic lens and an electrostatic lens. 

20 

9. The column according to claim 8, wherein a first electrode and means for 
applying a first potential to said first electrode are provided and wherein a 
second electrode and means for applying a second potential to said second 
electrode are provided to generate an electrical field in said electrostatic 

25 lens so that the particle beams in said electrical field are decelerated from a 

first energy to a second lower energy. 

10. The column according to any of preceding claims, wherein said apertures in 
30 said aperture plate are arranged along at least one ring. 



1 1 . The column according to any of preceding claims, wherein the column 
comprises a beam selector for selecting the number of charged particle 
35 beams used to examine the specimen. 
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10 



12. A column for a charged particle beam device, which is used to examine a 
specimen, said column comprising: 

a) a source of charged-particles, 

b) an aperture plate having at least two apertures to produce at least two 
beams of charged particles, 

c) an objective lens for focusing the charged-particle beams onto the 
specimen, 

d) at least one deflector to influence the beams of charged particles so that 
15 each beam appears to come from a different source and so that by the 

combined action of the deflector and the objective lens the beams are 
tilted and hit the specimen with predetermined angles of incidence, and 

e) at least one detector for measuring secondary particles and/or back- 
20 scattered particles coming from the specimen. 



13. The column according to claim 12, wherein said deflector comprises con- 
centric cylinder electrodes. 

25 

14. The column according to claim 12, wherein a deflector is provided for each 
individual beam. 

30 

15. The column according to claim 14, wherein the deflectors are electrostatic 
multipoles, preferably selected from the group consisting of electrostatic 
dipole, quadrupole, hexapole and octupole. 

35 
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16. The column according to one of claims 12 to 15, wherein the detector is 
positioned before the objective lens and comprises multiple openings to let 
the beams of charged particles pass through. 

5 

17. The column according to one of claims 12 to 16, wherein the detector is 
subdivided into multiple segments corresponding to the multiple beams of 
charged particles. 

10 

18. The column according to one of claims 12 to 17, wherein the objective lens 
is adapted to focus the secondary particles and/or backscattered particles 
onto the detector. 

15 

19. The column according to one of claims 12 to 18, wherein said objective 
lens comprises a magnetic lens and an electrostatic lens. 

20 20. The column according to claim 19, wherein a first electrode and means for 
applying a first potential to said first electrode are provided and wherein a 
second electrode and means for applying a second potential to said second 
electrode are provided to generate an electrical field in said electrostatic 
lens so that the particle beams in said electrical field are decelerated from a 

25 first energy to a second lower energy. 

21. The column according to one of claims 12 to 20, wherein said apertures in 
said aperture plate are arranged along at least one ring. 

30 

22. The column according to one of claims 12 to 21, wherein the column com- 
prises a beam selector for selecting the number of charged particle beams 
used to examine the specimen. 

35 
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23. The column according to one of claims 12 to 22, wherein the column com- 
prises a least one compensation unit adapted to disperse the beams of 
charged particles, thereby substantially compensating chromatic aberration 

5 in the plane of the specimen surface. 

24. The column according to claim 23, wherein the compensation unit com- 
prises means for generating crossed electrostatic and magnetic deflection 

10 fields. 

25. The column according to one of claims 23 or 24, wherein the compensation 
unit and the deflector are integrated into one unit. 

15 

26. The column according to claim 25, wherein the compensation unit com- 
prises concentric cylinder electrodes and a coil arrangement. 

20 

27. The column according to claim 25, wherein the compensation unit is an 
electrostatic and magnetic multipole, preferably selected from the group 
consisting of electrostatic and magnetic dipole, quadrupole, hexapole and 
octupole. 

25 

28. The column according to one of claims 12 to 27, wherein the column is 
adapted to provide angles of incidence between 2° and 15°, preferable be- 
tween 3° and 10°. 

30 
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